Adult male recreational diver fatalities (n ¼ 698) in North America from 2004 to 2013 were examined. Compared with non-harvesters, boat (86 vs 59%), solo (26 vs 13%) and night diving (10 vs 3%) were more common among harvesters. Of the divers who were low-on or out-of air, 20% were harvesters and 11% non-harvesters (OR ¼ 2.0, P ¼ 0.03).
Introduction
Harvesting marine animals for personal use is popular in Canada and USA among mainly male recreational divers. 1 Legal harvesting occurs within designated locations and at specified times of the year. 2 Usually, protected reefs and areas are off limits to harvesters for the health of the ecosystem and stability of the marine animal population. 3 In Florida, there is a 2-day 'sport season' permitting lobster harvesting to recreational divers ahead of the regular lobster season, which lasts 8 months and is open to both recreational and commercial lobster harvesting. 4 Each year up to 50 000 divers and snorkelers enter the water in search of spiny lobster Panulirus argus during the 2-day sport season. 4 Compared with the main lobster season in Florida, during the sport season the number of boats observed on the water at the Florida Keys can be 900-fold higher, carrying an average of four divers per boat. 2 This increase appears to be associated with a higher incidence of scuba fatalities. Divers Alert Network (DAN) collects data concerning diving fatalities that occur within USA or Canada and have published annual diving fatality reports since 1989. 5 Recreational scuba diving accounts for an average of 88 fatalities in USA or Canada each year. 5 Even without the added burden associated with hunting, (e.g. carrying tools and searching for prey), recreational scuba divers are at risk of drowning, death by cardiac disease or arterial gas embolism (AGE). 5 Additional hazards harvesters face, compared with recreational nonharvesters, are not well known. The aim of this retrospective study was to identify specific risk factors for scuba fatalities associated with harvesting that could be targeted with preventive interventions.
Methods
Records for adult male divers (n ¼ 698) who died in USA or Canada from 2004 to 2013 were identified in the DAN diving fatality database. The official cause of death was determined by Medical Examiner or Coroner. Only males were included in the study because a preliminary analysis identified that 97% of all harvester fatalities in USA or Canada are male. Nonrecreational divers and trainees were excluded, as were divers in freshwater lakes, quarries and dive parks (n ¼ 333). Divers who died while harvesting in the sea (n ¼ 96) and divers who died in the sea but who were not harvesting at the time (n ¼ 269) remained. Anthropometry and diving characteristics were compared between these two groups. Dive experience was classified into standard strata: novice (0-5), inexperienced (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , intermediate (21-40), advanced (41-60) and experienced (61þ). 
Analysis
Data were extracted from the database in Excel format and analysed using SAS version 9.3. Logistic regression models estimated the effect of individual diver and dive characteristics upon the likelihood a fatality was engaged in harvesting or not.
Significance was accepted at P < 0.05.
Results
Divers engaged in harvesting (n ¼ 96, 26%) were compared with non-harvesters (n ¼ 269, 74%). Of the 365 fatalities, 36 (10%) occurred in Canada and 329 (90%) in USA. In USA, Florida (n ¼ 48, 50%) and California (n ¼ 20, 21%) accounted for the majority of harvesters (n ¼ 68, 71%). The 2-day sport season in Florida accounted for 20/48 (42%) of underwater harvesting deaths in that state, a mean of two per 2-day sport season in contrast with a mean of 2.8 harvesting fatalities in Florida during the remainder of each year. There was a mean of 9.6 harvesting fatalities per year in Canada and USA. Anthropometry and dive history of harvesters and nonharvesters are shown in Table 1 . At least five harvesters (5.2%) were not certified divers, compared with just two nonharvesters (0.4%). Though a slightly higher proportion of harvesters had >61 dives experience than non-harvesters (36 vs 26%, respectively), there was no meaningful difference between harvesters and non-harvesters in dive experience (Table 1 , P ¼ 0.06).
Compared with non-harvesters the following were more common among harvesters: Of the divers who were low-on, or out of, breathing gas, n ¼ 19/96 (20%) were harvesters and n ¼ 29/269 (11%) nonharvesters (OR ¼ 2.0, 95% CI 1.1-3.8, P ¼ 0.03). Surface supply was rarely used by either harvesters or non-harvesters (n ¼ 4, 4% vs n ¼ 3, 1%). Only one harvester (1%) was known to have held professional dive leadership or above certification, whereas among the non-harvesters there were at least 17 (6%). There was no significant difference in causes of death between harvesters and non-harvesters (Figure 1 ). 
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Discussion
Harvesters were younger on average, compared with nonharvesters, though the difference in age was not great at just 4 years. Divers who ran low-on, or out of, breathing gas were more commonly harvester divers. Solo diving was more common in harvester fatalities and the proportion of cases where the body was not recovered was higher. Fatalities involving harvesters showed a higher prevalence of the fatal dive being at night than among non-harvesting fatalities. This is the converse to what is found in other parts of the world where lobster are permitted to be harvested only during daylight hours, when it is easier to read a submersible pressure gauge in ambient light, without the use of an underwater light. 6 Though the numbers were small (n ¼ 7), harvesters included a higher proportion of uncertified divers (5 vs 0.4%), and in a previous diving fatality case series uncertified divers were found to have breached more safety rules than certified divers. 7 Further research is needed to determine if mandatory diver certification would reduce the annual burden of injury associated with recreational lobster diving in Florida. The limitations of this study design include that it was retrospective and likely did not capture all fatalities in USA and Canada during the 10-year period, meaning the actual number of deaths each year might be higher than presented here.
Identifying an exact cause of death in diver is also known to be problematic, with drowning the consequence of a multitude of disabling injuries (e.g. AGE, immersion pulmonary oedema, myocardial infarction and others). Any misclassification, however, is likely to have been unbiased and not to have favoured either harvesters or non-harvesters. As with similar research, no denominator has yet been established in order to estimate the absolute risk of dying while harvesting underwater. There were 48 harvester deaths in Florida during this 10-year period, 20 during the sport seasons and 28 during the rest of the years. This suggests the likelihood of a diving fatality in Florida while harvesting during the sport season (20 harvester deaths in 20 days) is 130 times greater than at other times of the year (28 harvester deaths in the other 3633 days, 2004-2013).
Conclusion
Harvesters and non-harvesters share similar anthropometry but they may differ in the circumstances of death therefore the act of harvesting likely influences the cause of death. Harvester fatalities were more likely to have run low-on or out-of air than non-harvesters. Most fatalities involving harvesters occurred in Florida and California; therefore, safety interventions should target those two states. Public safety information targeting hazards associated with harvesting lobster should be marketed ahead of the sport season in Florida. The impact of making harvesting licenses valid only when accompanied by proof of certification (e.g. a certification "Ccard") should be evaluated.
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